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Description 

NONAQUEOUS ELECTROLYTE FOR BATTERY 
Technical Field 

[1] The present invention relates to a nonaqueous electrolyte for a battery, and more 

particularly to a nonaqueous electrolyte for a lithium battery composed of an organic 
solvent and a lithium salt and having an excellent stability upon overcharging thereof, 
wherein a benzene-substituted phosphate derivative is included. 

Background Art 

[2] A lithium secondary battery has advantages such as high energy density, low self- 

discharge rate and low-weight, and thus receives a great deal of attention as a high 
performance energy source for portable electronic instruments requiring slimness and 
low- weight such as a notebook computer, a camcorder, a mobile phone, and the like. 
This lithium secondary battery generally uses mixed oxides of lithium metal as its 
cathode active material, and carbon material or metallic Uthium as its anode material, 
respectively. The lithium battery is typically designed with a high pressure, and thus an 
organic solvent capable of withstanding a high voltage, that is, a nonaqpieous 
electrolyte, is employed as the electrolyte. In this connection, the nonaqueous 
electrolyte in which lithium salts are dissolved in an organic solvent is primarily used. 

[3] The electrolyte for the lithium battery is required to be stable against a lithium 

anode, but it is said that there is no solvent showing a thermodynamic stability to 
lithium. In practice, there has been considered that the electrolyte is decomposed 
relative to the anode upon initial charging and resulting products form an ionic con- 
ductivity protection film, i.e., SEI (Solid Electrode Interface) on a surface of lithium 
and then inhibits a reaction between the electrode and electrolyte thereby stabilizing 
the battery. 

[4] However, in case of such a nonaqueous electrolyte based secondary battery, if a 

power circuit or a charger of electronic instruments is out of order or overcharged, 
aberrant heat generation occurs in the battery and further, in extreme case, damage or 
catching fire of the battery may occur. As such, it is an important problem to ef- 
fectively inhibit such heat generation and secure stability of the battery so as to prevent 
thermal runaway, upon abnormal operation such as overcharging the battery. 

[5] As a measure to prevent rupture and catching fire of the battery upon overcharging 

thereo:^ there has been to control primarily a charging voltage of the battery by a 
charger. However, at the present time, since use of a protection circuit, a protection 
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device, and the like, significantly limits miniaturization and reduced production costs 
of a battery pack, there is an urgent need for a method capable of securing stability of 
the battery without the protection circuit or protection device. In addition, there have 
been proposed cutting off electric current by gas production when overcurrent is 
generated in the battery, or cutting off overcharge current by fusion of a separator, but 
a satisfactory protection mechanism to prevent overcharge has yet to be realized. 

[6] In order to overcome these problems, Japanese Patent Publication Nos. Hei 

7-302614, 9-50822 and 9-106835, and Japanese Patent No. 2939469 have proposed 
methods to ensure stability against overcharging of the battery by adding a small 
amount of an aromatic compound to the electrolyte of the lithium secondary battery. 

[7] M)re specifically, Japanese Patent Publication Nos. Hei 7-302614 and 9-50822 

propose the use of a lower molecular weight organic compound with a molecular 
weight of less than 500, such as anisole, having a reversible redox potential at above a 
cathode potential upon full charging of the secondary battery, and a Jt electron orbit, in 
the electrolyte as an additive. Such a lower molecular weight organic compound serves 
as a redox shuttle and consumes overcharge current between the cathode and anode to 
establish a protection mechanism. 

[8] 

Disclosure of Invention 
Technical Problem 

[9] Meanwhile, Japanese Patent Publication No. Hei 9-106835 suggests a method for 

protecting the battery upon overcharging thereof using aromatic compounds such as 
biphenyl, 3-chlorothiophene and furane which initiate a polymerization reaction at 
voltage when overcharged and therefore increase internal resistance of the battery. 

[10] However, anisole proposed in Japanese Patent Publication Nos. Hei 7-302614 and 

9-50822 clearly functions as the redox shuttle upon overcharging, while it also par- 
ticipates in a reaction within a general range of the battery voltage thereby adversely 
affecting cycle characteristics of discharge capacity of the battery. 

Technical Solution 

[11] Therefore, the present invention has been made in view of the above problems, and 

it is an object of the present invention to provide a nonaqueous electrolyte for a battery 
capable of inhibiting explosion/catching fire that may occur if the battery is 
overcharged. 

[12] The present invention provides a nonaqueous electrolyte for a battery capable of 
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effectively inhibiting heat generation so as to prevent thermal runaway without 
affecting characteristics of the battery, and ensuring reliability and stability of the 
battery. 

[13] The present invention provides a nonaqpieous electrolyte for a battery capable of 

realizing miniaturization and reduced production costs of a battery pack by preventing 
thermal runaway due to overcharging of the battery without a separate protection 
circuit or protection device. 

[14] In accordance with an aspect of the present invention, the provision of a 

nonaqueous electrolyte for a lithium battery composed of an organic solvent and a 
lithium salt, comprising 0.1 to 10% by weight of a benzene-substituted phosphate 
derivative. 

Advantageous Effects 

[15] The nonaqueous electrolyte for a battery in accordance with the present invention 

can be used to prepare a lithium battery by a conventional method. The lithium battery 
thus prepared has electrochemical stability higher than that of a battery using a con- 
ventional nonaqueous electrolyte and thus exhibits excellent stability when the battery 
is overcharged. 

Brief Description of the Drawings 

[16] The above and other objects, features and other advantages of the present invention 

will be more clearly imderstood from the following detailed description taken in 

conjunction with the accompanying drawings, in which: 
[17] Fig. 1 is a graph showing overcharging results of a battery to which a nonaqueous 

electrolyte of the Comparative Example is applied; 
[18] Figs 2 and 3 are graphs showing overcharging results of a battery to which a 

nonaqueous electrolyte in accordance with the present invention is applied; and 
[19] Fig. 4 is a graph comparing the performance of a charging/discharging service life 

between a battery to which a nonaqueous electrolyte in accordance with the present 

invention is applied and a battery to which a nonaqueous electrolyte of a Comparative 

Example is applied. 

Best Mode for Carrying Out the Invention 

[20] Now, the present invention will be described in more detail. 

[21] The present invention provides a nonaqueous electrolyte for a Uthium battery 

composed of an organic solvent and a lithium salt, comprising 0.1 to 10% by weight of 
a benzene-substituted phosphate derivative having the following formula (I): 
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[22] 




[23] wherein R represents a halogen-substituted C1-C8 alkyl or allyl compound or an 

unsubstituted C1-C8 alkyl or allyl compound, and n is an integer between 1 and 3. 

[24] 

[25] Addition amount of the benzene-substituted phosphate derivative in the present 

invention is within a range of 0.1 to 10% by weight, and preferably 1 to 5% by weight 
of the nonaqpieous electrolyte. If the amount of the benzene-substituted phosphate 
derivative of the present invention added is less than 0.1% by weight, the desired 
stability effect upon overcharging the battery, intended in the present invention is not 
sufficiently obtained. On the contrary, even when addition amount of the benzene- 
substituted phosphate derivative exceeds 10% by weight, stability of the battery does 
not increase in proportion to the amount thereof used. Therefore, addition amount of 
the benzene-substituted phosphate derivative in the present invention is preferably 
within the above-mentioned range. 

[26] As cathode active material for a conventional lithium secondary battery, layered 

lithium cobalt oxide (LiCoO ), lithium nickel oxide (LiNiO ) or lithium manganese 

2 2 

oxide (LiMn O ), which has a large capacity per weight, is generally employed, but 

2 4 

when overcharged, most of the lithium ions of these compounds are in released state, 
thus becoming significantly unstable, and they react with the electrolyte to cause acute 
decomposition and exothermic reaction or deposit lithium on the anode, which in tum 
may rupture or set fire the battery, in the worst case. The present invention intends to 
resolve a problem associated with stability occurring upon overcharging the battery by 
adding the benzene-substituted phosphate derivative to the nonaqueous electrolyte. 
[27] As examples of organic solvents of the nonaqpieous electrolyte which may be used 

in the present invention, mention may be made of cyclic carbonates such as ethylene 
carbonate, propylene carbonate and y-butyrolactone, linear carbonates such as 
dimethyl carbonate, diethyl carbonate, dipropyl carbonate, methylpropyl carbonate, 
ethybnethyl carbonate and ethylpropyl carbonate, propyl acetate, methyl acetate, ethyl 
acetate, butyl acetate, methyl propionate, and ethyl propionate. Preferably, in the 
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present invention, a mixture of two or more of cyclic carbonate based organic solvent 
(for example, ethylene carbonate and propylene carbonate) and linear carbonate based 
organic solvent (for example, dimethyl carbonate, diethyl carbonate, ethylmethyl 
carbonate and methylpropyl carbonate) may be used as an organic solvent. An 
example of the preferred organic solvent is a mixture of ethylene carbonate and 
dimethyl carbonate. 

In addition to those, at least one selected from the group consisting of propyl 
acetate, methyl acetate, ethyl acetate, butyl acetate, methyl propionate and ethyl 
propionate may be additionally mixed and used, if desired. The mixing ratio of tiie 
respective organic solvents selected from each group is not particularly limited as long 
as it does not interfere witii tiie purpose of the present invention, and follows the 
mixing ratio used in preparing a conventional nonaqueous electrolyte for a lithium 
battery. 

As lithium salt contained in the nonaqueous electrolyte in accordance with the 
present invention, at least one selected from the group consisting of LiPF , LiClO , 
LiAsF , LiBF and LiN(C F SO ) LiN(C F SO ) and LiN(CF SO ) is preferably 

6 4 253 2, 2522 322 

used. M)re preferably, LiPF may be used. Preferably, concentration of the lithium salt 

6 

in the present invention ranges from 0.8 to 2 M. Where the concentration of the lithium 
salt added is less than 0.8 M, conductivity of the electrolyte may be lowered leading to 
deterioration of performances thereof. Where it exceeds 2 M, a viscosity of the 
electrolyte increases at a low temperature and thus performance thereof at a low 
temperature may be lowered. 

The nonaqueous electrolyte for a battery in accordance with the present invention 
can be used to prepare a lithium battery by a conventional method. The lithium battery 
thus prepared has electrochemical stability higher than that of a battery using a con- 
ventional nonaqueous electrolyte and thus exhibits excellent stability when the battery 
is overcharged. 

Mode for the Invention 

Now, the present invention will be described in more detail with reference to the 
following Examples. These examples are provided only for illustrating the present 
invention and should not be construed as limiting tiie scope and sprit of tiie present 
invention. 



EXAMPLES 
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[35] Example 1 

[36] 

[37] Ethylene carbonate (EC), ethylmethyl carbonate (EMC) and diethyl carbonate 

(DEC) were mixed in a ratio of 1 : 1 : 1 and IM of LiPF as solute was dissolved therein 

6 

to prepare a basic electrolyte. To the basic electrolyte thus obtamed was added 1 % by 
weight of a benzene-substituted phosphate derivative (n = 1, R = CH ) to obtain a final 

3 

nonaqueous electrolyte. The nonaqueous electrolyte for a battery was used to prepare a 
square type battery 423048, using graphite as the active material of the anode and 
poly vinylidene fluoride (PVDF) as the binding agent. LiCoO was used as the active 

2 

material of the cathode and PVDF was used as the binding agent. As the conductive 
agent, acetylene black was used. The resistance of the battery, thus prepared, to 
l.OC-rate lOV overcharging was tested and the results obtained are shown in Table 1. 

[38] 

[39] Example 2 

[40] 

[41] A battery was prepared following the same procedure as in Example 1, except that 

3% by weight of a benzene-substituted phosphate derivative (n = 1, R = CH ) was 

3 

added to the basic electrolyte in which ethylene carbonate (EC), ethylmethyl carbonate 
(EMC) and diethyl carbonate (DEC) were mixed in a ratio of 1 : 1 : 1 and IM of LiPF as 

6 

solute was dissolved therein. The resistance of the battery, thus prepared, to 
overcharging was tested and the results obtained are shown in Table 1 . 

[42] 

[43] Example 3 

[44] 

[45] A battery was prepared following the same procedure as in Example 1, except that 

5% by weight of a benzene-substituted phosphate derivative (n = 1, R = CH) was 
added to the basic electrolyte in which ethylene carbonate (EC), ethylmethyl carbonate 
(EMC) and diethyl carbonate (DEC) were mixed in a ratio of 1 : 1 : 1 and IM of LiPF as 

6 

solute was dissolved therein. The resistance of the battery, thus prepared, to 
overcharging was tested and the results obtained are shown in Table 1 . 

[46] 

[47] Example 4 

[48] 

[49] A battery was prepared following the same procedure as in Example 1, except that 

1 % by weight of a benzene-substituted phosphate derivative (n = 2, R = CH ) was 
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added to the basic electrolyte in which ethylene carbonate (EC), ethylmethyl carbonate 
(EMC) and diethyl carbonate (DEC) were mixed in a ratio of 1 : 1 : 1 and IM of LiPF as 

6 

solute was dissolved therein. The resistance of the battery, thus prepared, to 
overcharging was tested and the results obtained are shown in Table 1 . 

[50] 

[51] Example 5 

[52] 

[53] A battery was prepared following the same procedure as in Example 1, except that 

3% by weight of a benzene-substituted phosphate derivative (n = 2, R = CH ) was 

3 

added to the basic electrolyte in which ethylene carbonate (EC), ethylmethyl carbonate 
(EMC) and diethyl carbonate (DEC) were mixed in a ratio of 1 : 1 : 1 and IM of LiPF as 

6 

solute was dissolved therein. The resistance of the battery, thus prepared, to 
overcharging was tested and the results obtained are shown in Table 1 . 

[54] 

[55] Example 6 

[56] 

[57] A battery was prepared following the same procedure as in Example 1, except that 

5% by weight of a benzene-substituted phosphate derivative (n = 2, R = CH^) was 
added to the basic electrolyte in which ethylene carbonate (EC), ethylmethyl carbonate 
(EMC) and diethyl carbonate (DEC) were mixed in a ratio of 1 : 1 : 1 and IM of LiPF as 

6 

solute was dissolved therein. The resistance of the battery, thus prepared, to 
overcharging was tested and the results obtained are shown in Table 1 . 

[58] 

[59] Comparative Example 

[60] 

[61] A battery was prepared using the basic electrolyte in which ethylene carbonate 

(EC), ethylmethyl carbonate (EMC) and diethyl carbonate (DEC) were mixed in a 
ratio of 1 : 1 : 1 and IM of LiPF as solute was dissolved therein, but no benzene- 

6 

substituted phosphate derivative was added. The characteristics of the battery thus 
prepared were evaluated and the results obtained are shown in Table 1 . 
[62] Table 1 
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[63] Results of overcharging of the battery in Examples and Comparative Example 
[64] 

[65] Method for evaluating battery performances 
[66] 

[67] Formation charging/discharging : In the charging/discharging test of the initial 



battery, a capacity obtained when the battery was charged up to 4.2 V at a constant 
current/constant voltage of 0.2C-rate was taken as a formation charging capacity, and a 
capacity obtained when the battery was discharged up to 3 V at constant current of 
0.2C-rate was taken as a formation discharging capacity. 
[68] IC-rate 10 V overcharging : A fully-charged state battery was charged up to 10 V at 

constant current of IC-rate and after reaching 10 V, then charged at constant voltage 
for 2 hours and 30 min. If battery does not explode or catch fire during the 
overcharging test, it can be considered to be effective at preventing overcharging of the 
battery. 

[69] 

[70] Fig. 1 shows a graph of overcharge characteristics of the battery to which a 

nonaqpieous electrolyte for the battery of the Comparative Example was applied, while 
Figs 2 and 3, respectively, show graphs comparing overcharge characteristics of the 
batteries to which each of the nonaqpieous electrolytes of Examples 1 and 4 was 
applied. The batteries (Examples 2 and 3) to which nonaqpieous electrolytes in 
accordance with the present invention were applied, exhibited an excellent stability as 
compared to the battery to which a nonaqueous electrolyte of the Comparative 
Example (Fig. 1) was applied, when the battery was overcharged. Fig. 4 shows a graph 
of comparison results for charge/discharge cycle performances between the battery to 
which the nonaqueous electrolyte in accordance with the present invention was applied 



wo 2005/064736 



9 



PCT/KR2004/002726 



and the battery to which a nonaqpieous electrolyte of the Comparative Example was 
applied. As can be seen, the battery to which the nonaqueous electrolyte in accordance 
with the present invention was applied, exhibited excellent service life characteristics 
compared to the battery to which a nonaqueous electrolyte of the Comparative 
Example was applied. 

Industrial Applicability 

[71] The battery to which the nonaqueous electrolyte in accordance with the present 

invention was applied, has advantages such as excellent reliability and stability of the 
battery because of no catching fire or explosion due to thermal runaway resulting from 
overcharging the battery, and nonaqueous electrolyte in accordance with the present 
invention can realize a battery having a small size, light-weight, long service life, 
lower production costs and high energy density. 

[72] Although the preferred embodiments of the present invention have been disclosed 

for illustrative purposes, those skilled in the art will appreciate that various modi- 
fications, additions and substitutions are possible, without departing from the scope 
and spirit of the invention as disclosed in the accompanying claims. 



